INTRODUCTION
WC-Co cemented carbides are commonly used in cutting tools manufacturing because of their high hardness, high toughness and good wear resistance. These good mechanical properties are mainly due to the combination of a hard ceramic (WC) and a tough metallic binder phase (Co). Unfortunately the complex structure of WC-Co makes difficult a good understanding.of the microscopic mechanisms which are responsible for the specific properties of this composite. Nevertheiess a better comprehension of these mechanisms should allow to improve the efficiency and the life time of WC-Co cutting tools.
Internal friction (I.F.) has been used as a sensitive and nondestructive technique to investigate the nicroscopic behaviour of such hard materials in the high temperature range-This paper presents the results obtained up to now on various WC-Co and WC-Ni type samples and their interpretation through a rheological model linked to a structure representation of these materials.
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I1 EXPERIMENTAL
P l a t e s of WC-Co have been s i n t e r e d by STELLRAM SA, Nyon, Switzerland, w i t h d i f f e r e n t Co amounts, WC g r a i n s i z e s and b i n d e r compositions. Then samples f o r i n t e r n a l f r i c t i o n measurements (110*2.5*0.5mm) have been c u t by spark-machining i n o r d e r t o p r e v e n t s u r f a c e induced s t r e s s e s .
I n c e r n a l f r i c t i o n h a s been measured on a c l a s s i c a l i n v e r t e d t o r s i o n pendulum a t low frequency (0.2 t o 5 Hz) from room t e m p e r a t u r e up t o 1300K a t 10-5 t o r r . For a l l t h e s p e c t r a t h e h e a t i n g r a t e is 2K/min and s t r a i n amplitude i s 5*10-6. I n t e r n a l f r i c t i o n v a l u e s a r e computed from t h e f r e e decay s i g n a l through a Fourier transform treatment [ I ] .
I11 RESULTS
111.1 I.F. c h a r a c t e r i s t i c spectrum of WC-Co.
WC-Co h a r d m e t a l e x h i b i t s a c h a r a c t e r i s t i c i n t e r n a l f r i ct i o n s p e c t r u m i n t h e h i g h t e m p e r a t u r e r a n g e (500-130GK)
[ 2 ] . I t i s composed o f a r e l a x a t i o n p e a k a t -900K, 1Hz superimposed t o an e x p o n e n t i a l i n c r e a s e o f t h e background above 800K [ f i g 1 1 .
111.2 I.F. of t h e c o n s t i t u e n t s I n o r d e r t o determine t h e r o l e p l a y e d by e a c h p h a s e i n t h e i n t e r n a l f r i c t i o n s p e c t r u m , samples o f p u r e WC and p u r e Co h a v e b e e n e l a b o r a t e d a n d measured. WC samples have been s i n t e r e d w i t h o u t b i n d e r by S t e l l r a m and p u r e Co i n d u s t r i a l powders have been melted i n o u r i n s t a l l a t i o n s . I n t e r n a l f r i c t i o n s p e c t r a o f t h e s e samples a r e shown i n f i g 2 . I t c l e a r l y a p p e a r s t h a t i n t e r n a l f r i c t i o n due t o WC g r a i n s o r WC-WC g r a i n boundaries i s n e g l i g i b l e . I n t h e c a s e o f p u r e Co, t h e main f e a t u r e i s t h e phase t r a n s i t i o n peak a t 700K ( h c p w f c c ) a s e x p e c t e d f o r t h e b u l k c o b a l t [3] . A s i g n i f i c a n t i n c r e a s e of t h e background a p p e a r s i n t h e same t e m p e r a t u r e range a s f o r t h e WC-Co and a t i n y peak can be observed a t 1000K.
These r e s u l t s show t h e important r o l e of t h e Co phase on t h e i n t e r n a l f r i c t i o n spectrum of t h e WC-Co. Though t h e Co-phase f i g 1. C h a r a c t e r i s t i c i n t e r n a l f r i c t i o n spectrum of WC-llwt%Co and
Comparison of t h e I . F . s p e c t r a of WC-llwt%Co ( a ) and i t s c o n s t i t u e n t s WC (b) and Co ( c ) . Note t h e phase t r a n s i t i o n of Co a t 700K. On t h e o t h e r h a n d TEM i n v e s t i g a t i o n s on t h e Co f i e l d s of WC-Co samples [ f i g . 5 1 c l e a r l y show t h a t a l l t h e Co-phase i n a l a r g e a r e a ( s e v e r a l t e n s o f m i c r o n s ) p r e s e n t s t h e same c r y s t a l l o g r a p h i c o r i e n t a t i o n and t h u s forms a l a r g e Co-skeleton. Therefore we w i l l c o n s i d e r a two i n t e r p e n e t r a t i n g s k e l e t o n s model of t h e WC-Co s t r u c t u r e : t h e WC+films s k e l e t o n p l u s t h e Co s k e l e t o n [ f i g 61 .
A r h e o l o g i c a l model h a s been e l a b o r a t e d which a c c o u n t s f o r t h e dynamical b e h a v i o u r of t h e WC-Co s t r u c t u r e m o d e l [ f i g 71.The Co branch t a k e s i n t o account an i n t r i n s i c r e l a x a t i o n mechanism s u c h a s d i s l o c a t i o n motions i n t h e Co phase a s w e l l a s a c r e e p mechanism o f Co e n a b l e d by d i f f u s i o n . On t h e o t h e r s i d e t h e WC+film b r a n c h a c c o u n t s
f o r a n i n t e r f a c e s l i d i n g mechanism due t o t h e Co f i l m s and a h i g h t e m p e r a t u r e c r e e p mechanism i n t h e f i l m s and WC s u p e r g r a i n s . Such a dynamical model e x h i b i t s t h r e e p o s s i b l e a n e l a s t i c r e l a x a t i o n mechanisms and one p u r e c r e e p mechanism. T h i s s h o u l d l e a d t o t h r e e i n t e r n a l f r i c t i o n peaks and one e x p o n e n t i a l background. The WCCo spectrum is composed of a low temperature peak superimposed t o a h i g h temperature background o r t o t h e low temperature s i d e of a higher temperature peak.
The low i n t e r n a l f r i c t i o n of p u r e WC shows t h a t damping does n o t o c c u r i n t h i s component. So it h a s t o t a k e p l a c e e i t h e r i n t h e Co f i l m s o r i n t h e Co phase. However t h e r e l a x a t i o n mechanism is n o t r e l a t e d t o t h e p r o p e r t i e s of p u r e b u l k Co, b e c a u s e p u r e bulk Co does n o t e x h i b i t a l a r g e peak a t 900K a s it c a n b e observed i n WC-Co. W C + films f i g 6 . Two i n t e r p e n e t r a t i n g s k e l e t o n model of WC-Co, ( a ) WC+films s k e l e t o n : Co f i l m s a r e l o c a t e d between t h e WC s u p e r g r~i n s ; (b) Co s k e l e t o n f i g 7 . Rheological model. Upper branch r e p r e s e n t s t h e Co s k e l e t o n , lower branch r e p r e s e n t s t h e WC+films skeleton.Three r e l a x a t i o n mechanisms a r e shown [ 2 ] o r a combined mechanism: t h e damping mechanism t a k i n g p l a c e i n t h e Co and t h e r e s t o r i n g f o r c e t a k i n g p l a c e i n t h e WC-film s k e l e t o n .
On t h e o t h e r h a n d , t h e p e a k i s n o t d u e t o t h e a l l o t r o p i c p h a s e t r a n s i t i o n o f Co which is r e s p o n s i b l e f o r t h e s h a r p peak l o c a t e d a t 700K. The p h a s e t r a n s i t i o n i s e x c l u d e d s i n c e t h e Co b i n d e r p h a s e e x h i b i t s a f c c s t r u c t u r e down t o room t e m p e r a t u r e , a s i t was o b s e r v e d by t r a n s m i s s i o n e l e c t r o n microscopy [ f i g 51. Though numerous s t a c k i n g f a u l t s o f h c p s t r u c t u r e a r e d e t e c t e d [ 5 ] which c e r t a i n l y c o u l d p l a y an i m p o r t a n t r o l e on t h e mechanical p r o p e r t i e s o f t h e Co b i n d e r phase. F o r i n s t a n c e , t h e c o n s e q u e n c e o f r e p l a c i n g t h e Co by N i which i s a s h i f t o f t h e whole spectrum t o w a r d s lower t e m p e r a t u r e s c o u l d b e due t o an e f f e c t o f t h e s t a c k i n g f a u l t energy. Shape o f t h e WC-Ni s p e c t r u m a l l o w s u s t o t h i n k t h a t t h e i n t e r n a l f r i c t i o n s p e c t r u m o f t h e WC-Co i s mainly due t o t h e s t r u c t u r e of t h i s t y p e o f m a t e r i a l r a t h e r t h a n t o t h e n a t u r e o f t h e b i n d e r p h a s e component i t s e l f . At l a s t no e v i d e n c e o f a h i g h e r t e m p e r a t u r e peak a p p e a r s on t h e WC-Ni s p e c t r u m i n s p i t e of t h e s h i f t o f t h e s p e c t r u m t o w a r d s t h e l o w e r t e m p e r a t u r e s a n d t h e h i g h v a l u e s o f t h e i n t e r n a l f r i c t i o n background.
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